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 Heterocyclic organic and organometallic compounds (i.e. polypyrrole), and their 
derivatives, have been of great interest for conductive polymers due to their novel 
properties and environmental stability as compared to their non-aromatic analogs (i.e. 
polyacetylene). Our current interest focus upon the potential role of metal ligand bound 
pyridazines as the next generation of electronic devices that utilize the metal ligands 
bound to organics as the semiconducting material. Pyridazine is a 6-membered aromatic 
ring with two adjacent nitrogen atoms. These are promising candidates for a variety of 
materials and commercial applications; but they are difficult to get a metal ligand to fuse 
to the aromatic ring.  
Our recent efforts focused in attaching Rhenium and Manganese 
ligands/substituents (process in which is called doping) that would cause oxidation to 
occur to our polymer making it a p-type polymer. Since p-type polymers charge carriers 
leave a vacancy that does not delocalize completely. This vacancy (known as a hole) or a 
radical cation that only partially delocalizes over several monomeric units causing them 
to be structurally deformed. This deformed structure is at a higher energy than that of an 
undoped polymer. Typical carriers in organic semiconductors are holes and electrons in a 
π-orbital. So when these molecules of π-conjugated systems have a π-bond overlap (or π-
stacking), electrons can move via these π-electron clouds overlapping thus causing an 
electrical current.     
 x 
 
Our worked focused on the synthesis of pyridazines and their organometallic 
rhenium complexes and polymer research. Several aryl-substituted 5,6-fused pyridazines 
have been synthesized but none have been documented until this study. The main goal of 
the research was to fully characterize the general synthesis of furan containing 
organometallic complexes, [M(CO)3{η5-1,2-C5H3(CC4H3ON)(CC4H3ON)}] (M = Re or 
Mn) (4B). We successfully characterized the ability to attach a metal organic ligand to 
pyridazine though IR and NMR. However, when attempts were made to recrystallize our 
product, we yielded an orange-brown, block like crystal of 1,2-
C5H3(CC4H3ONH)(CC4H3ON) (5) in which our metal ligand group fell off and we were 
left with pyridazine and inorganics. Though, we successfully got an X-ray 
characterization and electronic studies of compound 5 which are reported herein. 
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Chapter One: INTRODUCTION 
 
Polymers, Organic, and Organic Semiconductors 
 
 For years, heterocyclic polymers have been studied for the applications of 
electronic materials. However, polymers, also known as plastics, are believed to have the 
opposite physical and chemical properties of their metal counterparts. Polymers are 
believed to be good insulators, not ready to take on a specific shape, and less malleable. 
In contrast, metals are ready to take on specific shapes, highly malleable, and not 
insulators, but conductors. Though polymers and conductors are thought to be 
incompatible, in 1977, Shirakawa and coworkers documented the first conductive 
polymers.1 
 Since their findings, extensive research has been conducted on polymers with the 
ability to conduct electricity. The discovery of conductive polymers led to new studies 
and research in the field of semiconductors. Organic compounds based on polymers and 
monomers capable of accepting electrons are potentially beneficial as semiconductors in 
various applications in electronic device technology.2  
 Polymers possessing electrical conductivity between a conductor and an insulator 
are called organic semiconductors. Typically organic semiconductors have a conductivity 
observed between 0.1 eV-4.0 eV (eV = electron volt) seen between a metal and an 
insulator.3 A value of 1.5eV was arbitrarily decided as the cut-off for low band gap 
conducting polymers.4 The two types of organic semiconductors are short chain 
compounds called oligomers, and long chain compounds called polymers. Examples of 
each type can be seen in Figures 1.3 and 1.4 respectively.12   
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 With careful synthesis of donor-acceptor elements the intramolecular charge 
transfer (also known as ICT) can be manipulated to achieve certain optical and electrical 
properties in semiconductors. Charge transfer complexes often exhibit similar conduction 
mechanisms to inorganic semiconductors. In the solid phase, properties of materials can 
be explained by using the band-gap theory. This theory states that atomic orbitals overlap 
with the same orbitals of their neighboring atoms in all directions and produce orbitals 
similar to those in small molecules.5 If sufficient overlap occurs within a given range, 
continuous energy band overlap occurs. If the band gap is small enough, these materials 
will possess electrical properties similar to metals. Such occurrence can be observed in 
(Figure 1.1).6  The requirement for a conventional conductive material at room 
temperature is a band-gap narrow enough to allow thermally excited electrons to move 
from the valence to the conduction band.  As noted, greater conductivity occurs from 
increased band overlap, while a greater band-gap results in an insulator. An insulator, 
such as polymers, can be shown by a band that is empty and does not permit conduction. 
 One type of organic semiconductors is heterocyclic polymers, such as 
polypyridazine (Figure 1.2A), polythiophene (Figure 1.2B), and polypyrrole (Figure 
1.2C). Heterocyclic polymers and their organic derivatives are seen as organic field-
effect transistors (OFETs), where the active layer(s) are composed of semiconducting 
small organic molecules or polymers.7 OFETs were first reported by Koezuka and 
coworkers in 1987. OFETs adopt the architecture of the thin film transistor (TFT), which 
has proven its adaptability with low conductivity materials, particularly in the case of 
amorphous hydrogenated silicon (a-Si:H).8 When heterocyclic polymers are placed on a 
substrate (typically glass) with a dieletric layer along with appropriate contacts, these 
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polymers become organic thin-film transistors (OTFT). Because these compounds are 
aromatic heterocycles, they carry distinct electrical properties which can undergo charge 
transfers.9-11 Organic semiconductors are delineated into two classes which are organic 
charge transfer complexes and “linear backbone” polymers. Typically, “linear backbone” 
polymers are derived from polypyridazine, polythiphene, and polypyrrole. Charge-
transfers exhibit similar conduction mechanisms to inorganic semiconductors.  
 A specific example of an polymer which has been observed to possess the same 
qualities of an organic thin-film transistor (OTFT) is a neat derivative of anthracene, bis-
5’-hexylthiophen-2’yl-2,6-antracene (seen in Figure 1.4A). Also Tetrabromopentacene 
(Figure 1.4B), which is a derivative of pentacene, has also been shown to have electron-
deficient properties allowing it to be observed as an OTFT as well. Examples of other 
OTFT polymers include polythiophene (Figure 1.4C), polypyrrole (Figure 1.4D), 
poly(p-phenylene vinylene) (Figure 1.4E), poly(3-hexylthiophene) (Figure 1.4F), and 
polyacetylene (Figure 1.4G). As a result of being aromatic heterocycles, which can 
easily undergo charge transfers easily, these compounds have unusual electrical 
properties.9-11 
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Figure 1.1 A molecular orbital illustration of an insulator, semiconductor, and a 
conductor as energy increases.6&2 
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Figure 1.2 (A.) Polypyridazine (B.) Polythiophene (C.) Polypyrrole (D.) Polyfuran  
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Figure 1.3 Oligomeric structure examples of (A.) Pentacene (B.) Anthracene and (C.) 
Rubrene.12 
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Figure 1.4 Polymeric structures examples of A.) bis-5’-hexylthiophen-2’-yl-2,6-
anthracene B.) Tertabromopentacene  C.) Polythiophene D.) Polypyrrole E.) Poly(p-
phenylene vinylene) F.) Poly(3-hexylthiophene) and G.) Polyacetylene.12 
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Polymer Conduction 
 
Typical carriers in organic semiconductors are holes or unpaired electrons in the 
π-electron bands. Almost all organic solids are insulators. However, when a molecule has 
a π-conjugated system, electrons can move back and forth via the π-electron cloud 
overlap in three dimensions.6&10 Tunneling, localized states, mobility gaps, and photo-
assisted hopping also contribute to conduction.6  
The mechanism for polymer conduction differs from conventional conductive 
materials. Polymer conduction does not need to have partially filled or partially empty 
bands. As a result, their electrical conductivity cannot be explained by simple band-gap 
theory. The introduction of charge carriers, usually electrons or holes, promotes 
conduction.  Charge carriers are formed by doping, i.e. oxidation (p-type) or reduction (n-
type) reactions for the polymer chain. For p-type polymers charge carriers leave a 
vacancy that does not delocalize completely. The vacancy is a hole or a radical cation that 
only partially delocalizes over several monomeric units causing them to structurally 
deform. The newly deformed structure is higher in energy than the undoped polymer. 
Different charge carriers will be generated depending upon the ground state of the 
polymer as seen in Figure 1.5.11 
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Figure 1.5 Relative energies of polaron and bipolaron levels.5&2 
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The radical cation has destabilized bonding orbitals which are higher in energy 
than the valence band. The difference between the destabilized bonding orbital and the 
valence band is the band gap which is where the value of 1.5eV has been arbitrarily set as 
the cut-off for low-band gap conducting polymers.4&5   
A polymer produces either a soliton or polaron when a radical cation is generated 
depending upon the polymer’s ground-state configuration.10-12 If the compound has a 
degenerate ground state, such as polyacetylene, the resulting radical cation will generate a 
soliton (like that of Figure 1.6A). Since there is no preferred sense of bond alternation, 
the positive charge and the unpaired electron can move independently along the polymer 
chain, which allows for conduction, forming domains between the two identical parts of 
the bond alternation. 
However, a radical cation known as a polaron (Figure 1.6B), is generated by 
oxidation of a polymer with a nondegenerate ground state, such as polythiophene. The 
quinoidal form which results from oxidation and is higher in energy than the ground 
state, confines the charge and spin density to the localized structural deformation that is 
mobile along the chain. Two things may happen upon further oxidation of the 
nondegenerate polymer. One, a second electron can be removed from another segment of 
the polymer chain, resulting in a new polaron; or the unpaired electron from the 
previously formed polaron is removed. The latter produces a spinless state known as a 
bipolaron (Figure 1.6B). Conduction by bipolarons and polarons are generally 
considered to be dominant mechanism of conductive polymers (Figure 1.5).5 
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Figure 1.6 Representation of: A.) Soliton of polyacetylene B.) Polaron C.) bipolar of 
polythiophene.2 
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The importance of organic semiconductors is their capability to operate as active 
materials in devices such as organic light emitting diodes (OLEDs), organic thin-film 
transistors (OTFTs), organic photovoltaic diodes (OPVDs), lasers, and the newest 
technology being designed in the biological field, a lipid bilayer which has the capacity to 
carry an electrical charge. OLEDs also have been paired with para-hexaphenyl, which has 
remarkable optical properties. The polarization of its electroluminescence can be changed 
through the molecular alignment. OLEDs are being used in copy machines, laser printers, 
laser surgical instruments, and flat screen televisions. This is illustrated in Image 1.1 on 
how OTFT are placed with an organic layer to make an OLED. 
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Image 1.1 Illustration and images of how OTFT and OLED’s are made; along with what 
a completed working panel of OLED’s looks like.25 & 26 
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Organometallic Semiconductors 
 Electronic engineering has been revolutionized in the past fifteen years by the 
introduction of new devices based on semiconductors. A limited number of 
organometallics are suitable for use as semiconductors. Currently, the materials in use are 
metalloids (ex. germanium), alloys (ex. indium antimonide), or simple inorganic 
compounds (ex.cadmium oxide). The number of possible combinations are strictly 
limited and the molecular crystals formed from the organic compound have a relative 
weak force. Because of this, the electronic coupling between adjacent molecules and 
electrons has a low mobility. To overcome, the organic compound uses large molecules 
to reduce the number of gaps between one molecule and the next. Conjugated organic 
polymers are infusible, insoluble, amorphous powder, which make it nearly impossible to 
fabricate into suitable shapes, and reduces their carrier mobilities. If the ligands are 
aromatic and each can bind two metal atoms, the carrier mobilities can be improved 
through conjugation. The advantage is that the metal-ligand bonds are formed reversibly, 
making it possible to crystallize polymers of this kind by heating them with a suitable 
solvent.  
When a conjugated aromatic heterocycle gets an addition of a metal, the 
organometallic complex shows increased conductive properties (increased turnability, pi-
stacking, and tunneling properties). Additionally, transition metal organometallic 
complexes are used as a catalyst to carry out a variety of organic transformations. In 
many instances, the catalytically active species in condensed phase is a coordinative 
unsaturated metal complex in which the solvent weakly binds to the vacant site on the 
metal. Fast kinetic techniques have demonstrated the photolytically generated unsaturated 
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metal complexes are extremely reactive and rapidly bind to most solvents. Noble gases 
and haloalkanes are not usually thought of as donor ligands, but can lead to coordinative 
unsaturated metal centers.13 
Our current work primarily focuses upon facile pathways towards novel 
pyridazines derivatives that incorporate other heteroatoms in a fully aromatic system. 
These novel heterocycles are structurally important components of several biological 
active compounds and a have a been explored as α-mimetucs.14 Pyridazines have been 
found to be efficient water oxidation catalysts when compared to dinuclear ruthenium 
complexes and have shown high efficiencies in catalytic water oxidations.15 Additionally, 
pyridazines have been incorporated as useful intermediates in the synthesis of furan 
containing organometallic complexes.    
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Chapter Two: EXPERIMENTAL 
Reactions were carried out under standard organic synthesis procedures and 
techniques (i.e. nitrogen atmosphere and Schlenk techniques unless otherwise noted). 
NMR solvent CDCl3 (Aldrich) were used without purification. Hydrazine hydrate, 
MeOH, magnesium sulfate, Et2O (thallium ethoxide) (I), CH2Cl2 (dichloromethane), 
acetone, hexane, rhenium pentacarbonyl bromide (STREM), and [Mn{η5-1,2-
C5H3(COC4H3O)2}(CO)3 (3A) and [Re{η5-1,2-C5H3(COC4H3O)2}(CO)3] (3B) were also 
used without purification. 
 1H and 13 C NMR spectra were recorded on a JEOL-500 MHZ NMR spectrometer 
at ca. 22°C and were referenced to residual solvent peaks. All 13C NMR spectra were 
listed as decoupled. Infrared spectra were recorded on Spectrum One FT-IR 
Spectrometer. Electron ionization (EI) mass spectra were recorded at 70 eV on a Perkin 
Elmer GC/MS. Melting points herein known as Mp, were taken on a standard Mel-Temp 
apparatus. X-Ray diffraction data were collected at 90 K on a Nonius KappaCCD 
diffractometer at University of Kentucky X-Ray Crystallographic Laboratories. 
Elemental analysis was performed at Atlantic Microlabs, Inc. in Norcross, GA. 
Synthesis of 1,2-C5H3(CC4H3ONH)(CC4H3ON) (1). 
 To a 20 mL round-bottom flask, [Mn{η5-1,2-C5H3(COC4H3O)2}(CO)3] (3A, 250 
mg, 0.255 mmol) was dissolved in 10 mL of methanol. An excess of hydrazine hydrate 
(1.00 mL, 1.03g, 20.6 mmol) was then added to the solution. The solution was stirred 24 
hours at room temperature. To the reaction mixture, water (20 mL) was added a red 
precipitate formed immediately. The aqueous suspension was washed with ethyl ether ( 3 
x 5 mL) and the organic layers were collected, dried (MgSO4) and filtered. The volatiles 
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were removed in vacuo and the crude product was triturated with cold hexane to give 
[Mn(CO)3{η5-1,2-C5H3(CC4H3ON)(CC4H3ON)}] (4A, 188 mg, 0.0644 mmol, 75.6%) as 
a red-orange powder. Recrystallization of 4A from a variety of solvents (i.e., acetone, 
methylene chloride, diethyl ether) yielded only 1,2-C5H3(CC4H3ONH)(CC4H3ON) (5). A 
similar reation that produced [RE(CO)3{η5-1,2-C5H3(CC4H3ON)(CC4H3ON)}] (4B, 151 
mg, 0.290 mmol, 76%) from [Re{η5-1,2-C5H3(COC4H3O)2}(CO)3] (3B, 200 mg, 0.382 
mmol) and excess of hydrazine hydrate (1.00 mL, 1.03 g, 20.6 mmol) also yielded 
pyridazine 5 after several recrystallization attempts. 
 Mp: 146-148 °C. 1H NMR (500 MHz, CDCl3, ppm): δ 6.66 (dd {doublet of 
doublets}, 1H, 3JAB = 3.5 Hz, 3JAC = 1.7 Hz, CHCHCHO), 7.25 (d {doublet}, 1H, 3J = 
4.0 Hz, CHCHCH), 7.33 (d, 1H, 3J = 3.5 Hz, CHCHCHO), δ 7.53 (t {triplet} 1H, 3J = 4.0 
Hz, CHCHCH), 7.66 (m, 2H, Fr) 11.2 (br s, 1H, NH). 13C NMR (125 MHz, CDCl3, 
ppm): δ = 108.5 (CHCHCH), 112.4 (CHCHCH), 112.7 (NCCCH), 112.6, 118.0, 133.2 
(Fr) 144.3 (CHCHCN). IR (KBr, cm-1): 1612 (CN), 2958 (C—H), 3240 (N—H). MS: 
m/z 250 (M+ and base peak), 221 (M+ - CHO), 193 (M+ - C2H2O2).  The sample was 
analytically calculated for C15H10N2O2: C, 71.99; H, 4.03. The following elements were 
found at: C, 74.32; H, 6.30.  
The X-Ray crystallographic structure of 5 was determined by X-Ray 
crystallographic methods. The crystals for which data were collected were typical of 
others in the batch, which had been grown by slow evaporation from methylene chloride 
at room temperature. These crystals were mounted on glass fibers with polyisobutene oil. 
Data were collected at 90K on a Nonius KappaCCD diffractometer. The mail programs 
used were from the Denzo-SMN package for indexing, data reduction and absorption 
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corrections, 16 SHELXS-97 for structure solution, and SHELXL-97 for refinement.17 
Hydrogen atoms were placed in geometrically calculated positions. Crystal data and 
summary for experimental details are given in Table 3.1 in the Results and Discussion 
portion. 
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Chapter Three: RESULTS AND DISCUSSION 
 The formation of fused-ring pyridazines has typically been accomplished from a 
1,4-diketone or keto-aldehyde aromatic precursor, with benzene or cyclopentadiene (Cp) 
substrates as those most typically employed.14,15, 18 Previous research graduate students, 
my research advisor, and collaborators have had excellent results in forming stable 
organic and organometallic pyridazine compounds from Cp precursors.19-21  Though, 
prior to our current work, there were no reports of tricarbonyl metal 
cyclopenta[c]pyridazyl complexes (Scheme 3.1, 4) having a large potential for utilization 
in electronic materials (i.e., solar cells) using the reported alkyl and aryl thiophene and 
pyridazine chemistry as a synthetic guide. 2,20-22  
These fused heterocyles served as synthetic models and building blocks for 
potential organic and organometallic conducting polymers. In addition, those materials 
that incorporate furan derivatives will have the added benefit of incorporating renewable 
feedstocks into the electronic framework. Complexes 3-4 were synthesized in good yields 
(61-76%) and fully characterized, as previously reported and seen in Figure 3.1.23 All 
attempts in obtaining single x-ray analysis of 4A-B always resulted in a ligand loss to 
pyridazine 5. The structure of compound 5 was confirmed using NMR, IR, and MS 
analysis and matched values that have been previously reported from direct ligand 
synthesis of pyridazine 5 from fulvene from 1,2-C5H3(COC4H3O)(COHC4H3O)  
(Scheme 3.2).  
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Scheme 3.1 Synthesis of and formation of 1H-3,7-difurylcyclopenta[3,4-d]pyridazine (5) 
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Figure 3.1 FT-IR spectroscopy of rhenium complex 4B. 
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Scheme 3.2 Direct ligand 5 synthesis from 1,2-C5H3(COC4H3O)(COHC4H3O). 
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 NMR spectra analysis confirms the ligand loss of complexes 4A and 4B to 
pyridazine 5. Protonation to afford the free ligand was most likely due to residual 
methanol or water contamination in the solvent. The furly rings protons are observed as a 
doublet of doublets (δ 6.66, 1H, 3JAB = 3.5 Hz, 3JAC = 1.7 Hz, CHCHCHO), a doublet (δ 
7.33, 1H, 3J = 3.5 Hz, CHCHCHO), and a multiplet (δ 7.66. 2H). The Cp ring protons 
were observed as a doublet (δ 7.25, 2H, 3J = 4.0 Hz, CHCHCH) and a triplet (δ 7.53, 1H, 
3J = 4.0 Hz, CHCHCH), which is typical of this class of compounds in Figure 3.8. 
Finally, the amine proton was shown as a broad singlet at 11.2 ppm, which is the 
expected range for the delocalized amine proton in NMR solvent solution. The 13C NMR 
of 5 displayed the Cp carbon signals at δ 108.5 (CHCHCH) and 112.4 (CHCHCH), while 
the C=N signal was observed downfield at 144.3 ppm. The distinct resonance at 222.3 
and 221.6 ppm corresponding to the metal carbonyls for complexes 4A and 4B were 
absent for 5. Mass spectrometry also confirms the molecular weight of 5, with both the 
base and M+ peaks at 250 m/z. Once again, there was no evidence of the formation of the 
tricarbonly metal moiety in the mass spectrum. IR spectroscopy also showed evidence of 
the formation of the C=N double bond (1612 cm-1), with the loss of the carbonyl stretches 
observed in complexes 4A and 4B (1890-2029 cm-1) as seen in Figure 3.1. The structure 
of pyridazine 5 was also confirmed by X-ray crystallographic analysis seen in Figure 3.9. 
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Figure 3.2 1H Thallium Salt for 3A. 
 
O O
-
OO
Tl
+
 25 
 
 
 
 
 
 
 
 
Figure 3.3 13C NMR Thallium Salt for 3A. 
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Figure 3.4 Up-field Image of 1H of Compound 3B. 
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Figure 3.5 Down-field Image of 1H of Compound 3B. 
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Figure 3.6 13C Image of Compound 3B. 
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Figure 3.7 1H NMR of Compound 4B. 
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Figure 3.8 13C NMR of product 4B. 
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Figure 3.9 Molecular structure of pyridazine 5 with 50% probability of ellipsoid plots 
from X-ray crystallography. 
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Table 3.1 Crystal Data and Structure Refinement for 1H-3,7-difurylcyclopenta[3,4-
d]pyridazine. 
Empirical formula C15H10N2O2 
Formula weight 250.25 
Temperature 90.0(2) K 
Wavelenght 0.71073 Å 
Crystal system Monoclinic 
Space group P 21 
Unit cell dimensions   
a = 12.8754(2) Å α = 90° 
b = 5.90380 (10) Å β = 105.0649 (6)° 
c = 15.5817 (2) Å γ = 90° 
Volume 1143. 72(3) Å3 
Z, Calculated density 4, 1.453 Mg/m3 
Absorption coefficient 0.099 mm-1 
F(000) 520 
Crystal size 0.20 x 0.18 x 0.06 mm 
θ range for data collection 1.35 to 27.47° 
Limiting indices -16<=h<=16,-7<=k<=7, -
20<=1<=20 
Refections 
collected/unique 
26530/ 2887 [R(int) = 0.0630] 
Completeness to θ = 68.73 100.00% 
Absorption correction Semi-empirical from equivalents 
Max. and min. 
transmission 
0.994 and 0.981 
Refinment method Full-matrix least-squares on F2 
Data/ restraints/ 
parameters 
2887 / 1 / 343  
Goodness-of-fit on F² 1.053 
Final Rindices [I>2σ(I)] R 1= 0.0472, wR2 = 0.1135 
R indices (all data) R1 = 0.0747, wR2 = 0.1267 
Largest diff. peak and 
hole 
0.300 and -0.259 e.Å-3 
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 Compound 5 crystallizes in the monoclinic space group, P 21 with two molecules 
in the asymmetric unit (distinguished as “A” and “B” in Figure 3.3 the two pyridazines at 
different angles). The furyl rings for molecule A are anti-periplanar with respect to each 
other and nearly coplanar to the central pyridazine ring, with the dihedral angles for 
[C3A-C4A-C5a-N1A] and [N2A-C11A-C12A-O2A] being 4.6(5)° and 9.7(4)°, 
respectively. In contrast, the furyl rings for molecule B are syn-periplanar with respect to 
each other and nearly coplanar to the central pyridazine ring, with the dihedral angles for 
[N2B-C11B-C12B-O2B] and [O1B-C4B-C5B-N1B] at -8.3(4)° and 13.2(4)°, 
respectively.  
The central pyridazyl ring is highly planar, with the root-mean-square deviation 
from the planes created by N1, N2, C5-C12 in molecules A and B at 0.006(2) Å and 
0.014(2) Å, respectively. The Cp ring average bond length (C6A-C7A; C7A-C8A; C8A-
C9A; C9A-C10A) is 1.402(9) Å, with the C6A-C10A bond length significantly longer 
(1.465(4) Å) compared to the other four Cp bonds. The C=C bonds within the furan 
portion of compound 5 are significantly shorter than those in the pyridazine ring. For 
example, the bond lengths for C1A-C2A and C3A-C4A are 1.347(4) and 1.359(4) Å, 
respectively, compared to those of C6-C7A (1.400(4) Å) and C9-C10A (1.410(4) Å). 
This observation most likely reflects the furan delocalized π system versus the non-
aromatic Cp ring.  
A pair of hydrogen bonds link the amine groups of each unique molecule (N2A-
H2NA and N2B-H2NB) and the imine nitrogen on the adjacent molecule (N1A and 
N1B), with the hydrogen bond distances (N1….H2N) at 2.886(3) and 2.961(3) Å, 
respectively. This causes an inverted arrangement for each unique molecule with respect 
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to the other, with the furyl ring that contains O1a in molecule A adjacent to the furyl ring 
that contains O2B in molecule B.    
Analysis of compound 5 does show some π-stacking in the solid state. For 
molecule A, the adjacent stacked molecule, generated by the (x,y,z) to (x, y-1, z) 
transformation, is arranged “face to face” and slightly offset. The pyridazyl portion 
within one layer is aligned with the furyl ring of the adjacent layer (Figure 3.10, top). A 
short contact (a distance less than the sum of the Van der Waals radii) is observed 
between C15A and N1A (3.245 Å). Furthermore, other analogous distances between the 
stacked layers are well within the commonly accepted values (3.4 to 3.6 Å) for evidence 
of π-stacking, with an inter-planar distance of 3.355 Å.  
More comparisons to bond calculated bond lengths of compound 5 and accepted 
values can be seen in Table 3.2. Though, while molecule B does display a coplanar 
stacking arrangement between layers, the relative molecule placement is very different 
(Figure 3.10, bottom). There is far less of an evidence of π-orbital overlap as compared 
to the arrangement for molecule A, and no short contacts are observed between adjacent 
layers of molecule b. While there does appear to be some evidence of π-π interaction (i.e., 
with the distance between C8B and O2B is 3.3376 Å) the interlayer distances between 
most atoms are too far for an orbital overlap to occur. This is not due to the actual 
distance between the stacked layers of molecule B (the distance calculated between these 
two planes created by B is 3.273 Å).  
Instead, it is a greater displacement between these stacked molecules in molecule 
B that makes the actual amount of π-interaction weak. Only the Cp portion of one layer 
and the furyl ring containing O2B of the adjacent layer have any significant overlap with 
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molecule B. Tables of crystallographic details, atomic coordinates and displacement 
parameters, bond distances and angles, intermolecular contact distances, structure factors 
and a crystallographic information file (CIF) for the structure of compound 5 have been 
deposited with the Cambridge Crystallographic Data Center.22RP  
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Figure 3.10 View of the molecular packing of molecule A (top) and molecule B (bottom) 
generated by the transformation (x,y,z) to (x, y-1, z). 
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Table 3.2 Comparisons of bond angles of compound 5 to accepted bond angles between 
atoms. 
Product Analysis 
Bond  
Bond 
Length(Å) 
C1A-C2A 1.347 (4) 
C3A-C4A 1.359 (4) 
C6A-C7A 1.400 (4) 
C9A-C10A 1.410 (4) 
N2A-H2NA 2.886 (3) 
N2B-H2NB 2.886 (3) 
C5A-N1A 1.340 (4) 
C5B-N1B 1.329 (4) 
N1A-C5A 1.340 (4) 
N1B-C5B 1.329 (4) 
Accepted Values 
Bond  
Bond 
Length(Å) 
Carbon to Carbon Single Bond ~ 1.5 
Carbon to Carbon Double Bond ~ 1.3 
Carbon to Carbon Triple Bond ~ 1.1 
Carbon to Nitrogen Double 
Bond ~1.3 
Carbon to Oxygen Single Bond ~ 1.4 
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Chapter Four: CONCLUSION 
 A series of organic and organometallic reactions lead to the synthesis of pyridazyl 
rhenium complex [M(CO)3{η5-1,2-C5H3(CC4H3ON)(CC4H3ON)}] (4B) at a high yield of 
76%. All attempts to recrystallize the compound so X-ray crystallography may be 
performed led to the loss of the metal ligand complex and yielded a pyridazine (5) in 
inorganics. 
 The yield from the starting of the synthesis was good in which Thallium 
compound 2 was produced at 60%.  The addition of the Rhenium ligand complex to 
compound 2 gave us a 66% yield for compound 3B. Our collaborators were only able at 
report a 61% yield with the addition of Manganese ligand complex for compound 3A. 
Finally, with the addition of hydrazine to compound 3B, we were able to produce a 
pyridazyl rhenium complex 4B at the 76% yield. 
 1H NMR and 13C confirmed the presences of the Thallium salt and the Rhenium 
complex ligand addition on compounds 2-3B. It also confirmed the closing of the 
polyfuran with the ligand complex 3B to the pyridazyl ligand complex 4B. NMR was 
also used to confirm the direct synthesis of compound 5 with the starting polyfuran with 
cyclopentadiene precursor once hydrazine was added with methanol as the solvent to give 
41% yield of compound 5 over a period of 48 hours. 
 IR spectroscopy confirmed the successful addition of the rhenium complex ligand 
by the presence of peaks at ~1900 cm-1 for the pyridazyl portion of the polymer and with 
the rhenium ligand complex group peaks presence at ~2000 cm-1 for compound 4B. 
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 Though all attempts of recrystallization of compound 4B were unsuccessful, we 
were able to prove that a metal ligand complex could be attached to pyridazine. Until this 
research, no evidence showed this type of synthesis could be performed. 
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